The need for affordable and large-scale, carbon-neutral energy sources has fueled a search for revolutionary concepts in solarto-electricity energy conversion. Studies often focus on doubling or tripling the conversion efficiency using third-generation concepts that circumvent traditional 1 and inch closer to thermodynamic limits. 2 Alternatively, researchers focus on making solar cells not quite as efficient but as cheap as paint. 3 Such low-cost options are usually obtained by employing organic semiconductors or dye-sensitized systems. 4 A common thread in all these systems is the tradeoff between efficient light absorption and charge collection. Cells engineered to absorb as much light as possible exhibit decreased efficiency, because increased path lengths strongly increase energy losses by recombination of oppositely charged electrical carriers. Photovoltaics engineered to exhibit less recombination absorb little light. A sweet spot can be found that has limited efficiency. To surpass this practical limit, new materials and approaches are needed.
. Plasmonically enhanced bulk-heterojunction solar cell. Silver nanoparticles are separated from the active layer by a poly (3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS) layer. ITO: Indium tin oxide. P3HT:PCBM: Poly-3-hexylthiophene: [6, 6] phenyl-C61-butyric acid methyl ester. Ca/Al: Calcium/aluminum. material and the active layer of the solar cell. 7, 8 We also employed a hybrid approach, where plasmonic effects potentially enable third-generation solar-energy conversion. 9 Figure 1 shows one of the possible approaches to using plasmonic enhancement in organic solar cells. We vapor deposit silver particles on a transparent conducting front contact of indium tin oxide (ITO). We subsequently spin a layer of transparent conducting polymer, poly (3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS), on top of this, followed by the active layer. Upon inclusion of silver particles, these cells showed almost a doubling of their conversion efficiency. 7 This increase in efficiency is due to higher absorption in the active layer of the device. The magnitude of the increase can be tuned by changing the thickness of the PEDOT:PSS layer. Our results were recently confirmed by another group using a different silver-deposition method, 10 and we have repeated these experiments on random nanohole arrays in silver, omitting ITO. 8 We (and others) also attempted to include the silver particles inside the active layer as that would result in an even better geometry for optical enhancement. However, such an approach is presently hampered by excessive recombination or only very limited enhancements. 11 We are working on remedying this.
Next to direct absorbance enhancement, we have studied the ultrafast photophysics of molecular semiconductors on surface-plasmon-active electrodes using transient absorbance measurements. 9 In particular, we studied a system consisting of pentacene that was vapor deposited on random silver nanohole (AgNH) arrays that were fabricated using colloidal lithography. 8 Pentacene is an interesting molecule because it is a candidate for 'singlet fission' (SF), in which a single (singlet) exciton is converted into two (triplet) excitons. 12 Just like multiexciton generation in quantum dots, 13 this can be used to increase the solar-cell conversion efficiency over the Shockley-Queisser limit. 1 Pentacene's energy levels are close to being suitable for this process, with the triplet having approximately half the energy of the singlet. Coupling exciton states on the pentacene with surface plasmons might alter the excited-state dynamics as well as the relative rates of exciton fission and fusion to produce a larger, long-lived multiexciton yield. Figure 3 shows the ultrafast triplet-decay kinetics of pentacene in the presence and absence of an AgNH array. Clearly, the array alters the triplet yield and decay kinetics significantly. From this data, we cannot conclusively say that SF occurs, but it provides a tantalizing suggestion.
We have demonstrated plasmonic enhancement of solarenergy conversion in organic solar cells. Inclusion of a plasmonically active front electrode using a layer of silver nanoparticles or a random nanohole array increases the cell's current generation by absorbance enhancement through plasmonic near-field effects. Such enhanced photoconversion shows great promise for organic and other solar-cell technologies. We are currently attempting to include the plasmon-active materials inside the active layer, as well as studying the enhancement mechanism more closely. We have also shown that the proximity of molecular excitons to surface plasmons can greatly enhance excitedstate dynamics. These results are potentially very important for third-generation photogeneration systems. Reilly is a postdoc studying how surface plasmons enhance next-generation photovoltaic materials. His research centers on using nanofabrication methods to explore the incorporation of plasmonic materials in polymer and small-molecule solar cells. His dissertation focused on generating nanofabricated substrates for surface-plasmon-enhanced molecular spectroscopy.
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